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(57) ABSTRACT

A high-density channels detecting device for detecting a
sample 1s provided. The high density detecting-device has a
light source for emitting a light beam, a collimator, a beam
splitter, and a high-density channels imaging device. The
collimator arranged on the beam path 1s used for collimating
the emitted light beam. The beam splitter reflects the light
beam incident from the collimator to the sample, and the light
beam retlected by the sample passes through the beam split-
ter. The 1maging device receiwves the light beam passing
through the beam splitter, and has a light collector and a
multi-channel kernel module for recewving the light beam
from the light collector. By using the light collector, the light
beam 1ncident to the kernel module 1s parallel to the optical
axis of the kernel module.
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HIGH-DENSITY CHANNELS DETECTING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan

application serial no. 95101406, filed Jan. 13, 2006. All dis-
closure of the Tatwan application 1s incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sample detecting device.
More particularly, the present invention relates to a high-
density channels detecting device.

2. Description of Related Art

The thin film quality detecting technology, including mea-
surements of optical constants, such as thin film thickness,
optical refraction indexes, and extinction coelficients, plays
an 1mportant role not only in semiconductor manufacturing
processes, but also 1 liquid crystal display manufacturing
Processes.

Currently, the conventional thin film quality detecting
device can be substantially classified into a single point thin
f1lm measuring device, a filtering image thin film measuring
device and a multi-channel thin film measuring device, etc.
FIG. 1 shows a single point thin film measuring device dis-
closed in U.S. Pat. No. 4,676,647. In the device, a light beam
emitted from a light source 5 1s 1rradiated to a sample 2 on a
carrier 3, and the sample comprises a substrate or a thin film
disposed on a substrate. The light beam 1s reflected by the
sample 2, and then incident to a concave diffraction grating 8.
A photodiode array detector 16 receives an optical signal, so
as to obtain a reflection spectrum of the sample. Information
of the single point film quality was acquired through a soft-
ware algorithm. Though the architecture for the method 1s
simple, a probe or the sample should be moved to collect the
thin film information everywhere on the sample 1 order to
obtain the information of the thin film quality of the whole test
object, which takes a quite long time to detect. As aresult, the
method cannot be used 1n online detection.

FIG. 2 shows a thin film measuring device of filter image
type, disclosed in U.S. Pat. No. 5,555,474. As shown in FIG.
2, the device mainly comprises a light source LS1, lenses L1
and L2, a filter wheel 24, a lens system 27, a beam splitter 26,
ctc. The filter wheel 24 1s rotated during a measuring process.
Since each filter 20 1s a bandpass filter with different wave-
length coverage from each other, after all filters 20 are rotated,
a two-dimensional CCD 25 can shoot image information of a
sample 23 at different wavelengths under different filters. The
two-dimensional film quality measurement 1s obtained
through a software algorithm. However, since rotating the
f1lters takes time and the bandpass coverage of the filters 1s too
broad, and the number of the filters 1s limited, the spectral
resolution 1s low and the accuracy of the film quality mea-
surement 1s limited. The two disadvantages both restrict the
device to be used in online detection.

FIG. 3 shows a multi-channel thin film measuring device
disclosed 1n U.S. Patent Application No. 20020030826. As
shown 1n FIG. 3, the device utilizes a grating 1maging spec-
trometer architecture. The parallel light reflected from the
sample passes through a lens 34, a slit 35 and a lens 36, and
then 1s mncident to a grating 37. Subsequently, a detector 38
generates multiple spectral data. In FIG. 3, the perpendicular
direction of the detector 38 represents the spatial direction,
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and the horizontal direction represents the spectral direction.
With this device, the multi-channel spectral information (i.e.,
multi-point spatial information) can be obtained simulta-
neously, and the multi-point thin film quality measurement 1s
also achieved. In general, the principle for operating a grating
1s that the light beam should be incident 1n parallel to the
grating. But in FIG. 3, since the lens 1s placed 1n front of the
grating 37, the light beam cannot be incident to the grating 1n
parallel, thereby extra aberration will be generated and the
spectral resolution 1s thus degraded. The measurable spectral
range can be equally divided into only 32 parts and the spec-
tral resolution 1s limited, thereby negatively affecting the
accuracy of the thin film quality measurement. Therefore, the
device cannot be used in online detection, either.

In recent years, since the area of a thin film sample has
become larger and the processing speed 1s fast, rapid and
accurate detection has become more and more important.
However, the single point thin film measuring method 1s
mostly used among the existing thin film quality detecting
technologies. Though the method 1s accurate, the probe or the
test object should be moved to obtain two-dimensional film
images, which spends a lot of time and cannot be used 1n
online detection. Though the multi-channel film quality
detecting method 1s developed to detect more rapidly later,
the measurement accuracy 1s low due to the aberration. There-
fore, the method cannot be used 1n online detection, either.

In view of the alorementioned methods, no online thin film
detecting device has achieved a multi-channel and rapid mea-
surement as well as an accurate measurement of film quality.
Therefore, up to now, no device has achieved the purposes of
accurate measurement of thin film and rapid measurement. As
a result, a new measurement method 1s highly desirable.

SUMMARY OF THE INVENTION

Accordingly, one object of the present invention 1s to pro-
vide a high-density channels detecting device for solving the
problems 1n the conventional art that the multi-channel rapid
measurement and accurate measurement of film quality can-
not be achieved simultaneously. Meanwhile, an online detec-
tion device 1s established to achieve the functions of high
spectral resolution and multi-channel measurement.

In order to achueve the above object, the present invention
provides a high-density channels detecting device for detect-
ing a sample. The high-density channels detecting device
comprises at least a light source, a collimator, a beam splitter,
and a high-density channels spectral imaging device. The
light source 1s used for emitting a light beam. The collimator
1s arranged 1n front of the light source and on a beam path of
the light beam for collimating the light beam as a parallel light
beam. The beam splitter reflects the light beam incident from
the collimator to the sample and the light beam retflected by
the sample passes through the beam splitter. The high-density
channels spectral imaging device 1s arranged to receive the
light beam transmitted through the beam splitter and detects
the sample. The high-density channels spectral imaging
device comprises a light collector and a multi-channel kernel
module for recerving the light beam from the light collector.
By using the light collector, the light beam incident to the
multi-channel kernel module 1s parallel to an optical axis of
the multi-channel kernel module.

According to one embodiment of the present invention, the
present invention further provides a high-density channels
detecting device for detecting a transparent sample, for
enhancing the accuracy of film quality measurement. The
high-density channels detecting device comprises at least a
light source, a collimator, a reflecting mirror, and a high-
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density channels spectral imaging device. The light source 1s
used for emitting a light beam. The collimator 1s arranged in
front of the light source and on the beam path o the light beam
for collimating the light beam as a parallel light beam. The
reflecting mirror reflects the light beam incident from the
collimator to the sample. The high-density channels spectral
imaging device 1s arranged to recerve the light beam passed
through the beam splitter and detects the sample. The high-
density channels spectral imaging device comprises a light
collector and a multi-channel kernel module for recerving the
light beam from the light collector. By using the light collec-
tor, the light beam 1ncident to the multi-channel kernel mod-
ule 1s parallel to an optical axis of the multi-channel kernel
module.

According to one embodiment of the present invention, the
present invention further provides a high-density channels
detecting device for detecting a sample. The high-density
channels detecting device comprises a light source, a {first
optical fiber bundle, multiple optical fiber probes, and a high-
density channels spectral imaging device. The light source 1s
used for emitting a light beam. The first optical fiber bundle
has multiple branched optical fiber bundles for splitting the
light beam 1nto multiple light beams. Each optical fiber probe
comprises an input end, an mput/output end, and an output
end. Each input end 1s coupled to each branched optical fiber
bundle of the first optical fiber bundle for receiving each split
light beam, and the mnput/output end 1s arranged at position
over the corresponding test points of the corresponding
sample, so as to irradiate each split light beam onto each
measuring point and recerve each light beam reflected from
cach measuring point. The high-density channels spectral
imaging device comprises a second optical fiber bundle and a
multi-channel kernel module for receiving the light beams
trom the second optical fiber bundle. The second optical fiber
bundle comprises multiple branched optical fiber bundles
respectively coupled to the output ends of the optical fiber
probes, for receiving each light beam reflected from each
measuring point. Through the second optical fiber bundle, the
light beams 1ncident to the multi-channel kernel module are
parallel to an optical axis of the multi-channel kernel module.

According to a further embodiment of the present inven-
tion, the present invention further provides a high-density
channels detecting device for detecting a sample. The high-
density channels detecting device comprises a light source, a
first optical fiber bundle, multiple first optical fiber probes,
multiple second optical fiber probes, and a high-density chan-
nels spectral imaging device. The light source 1s used for
emitting a light beam. The first optical fiber bundle has mul-
tiple branched optical fiber bundles for splitting the light
beam into multiple light beams. Each first optical fiber probe
comprises an input end and an output end. The input ends are
respectively coupled to the branched optical fiber bundles of
the first optical fiber bundle for recerving light beams, and the
output end 1s arranged on multiple measuring points of the
corresponding sample for irradiating the light beams onto the
measuring points. Each second optical fiber probe comprises
an mput end and an output end, 1n which the mput ends are
respectively arranged at position over the corresponding mea-
suring points of the sample for recerving the light beam
passed through each test point. The high-density channels
imaging device comprises a second optical fiber bundle and a
multi-channel kernel module for receiving the light beams
trom the second optical fiber bundle. The second optical fiber
bundle comprises multiple branched optical fiber bundles
respectively coupled to the output ends of the second optical
fiber probes to receive each light beam passed through each
measuring point. Through the second optical fiber bundle, the
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light beams incident to the multi-channel kernel module are
parallel to the optical axis of the multi-channel kernel mod-
ule.

Through the high-density channels detecting device of the
present invention, the characteristics of multiple channels and
high spectral resolution are achieved simultaneously, and
spatial channels can be achieved. The spectral range to be
measured can be equally divided into more than one hundred
parts, thereby a high spectral resolution can be achieved. The
measured information of the thin film reflection or the trans-
mission spectrum of each channel can be used to get a one-
dimensional continuous or discrete multi-channel thin film
quality information 1n a linear field of view simultaneously
and accurately, through a software algorithm. Additionally,
the one-dimensional film quality information in the linear
field of view can be further combined into a two-dimensional
f1lm quality information by moving the probes or the sample.
Furthermore, transparent or opaque samples can be detected
according to the arrangement of the high-density channels
imaging device, thereby the applicability can be greatly
enhanced.

In order to make the atorementioned and other objects,
features and advantages of the present invention comprehen-
sible, preferred embodiments accompanied with drawings
are described 1n detail below.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the imnvention.

FIG. 1 shows a conventional single point thin film measur-
ing device.

FIG. 2 shows a conventional filtering image thin film mea-
suring device.

FIG. 3 shows a conventional multi-channel thin film mea-
suring device.

FIG. 4 1s a schematic view showing an architecture of a
high-density channels detecting device according to one
embodiment of the present invention.

FIG. 5 1s a schematic view showing an architecture of the
high-density channels spectral 1imaging device according to
one embodiment of the present invention for i1llustrating the
operation mode.

FIG. 6 1s a schematic view showing a field of the high-
density channels spectral imaging device on the sample.

FIG. 7 1s a plan view of the two-dimensional array sensor
and schematic views of the measuring results of the measur-
Ing points.

FIG. 8 1s a schematic view showing an architecture of the
kernel module in the high-density channels detecting device
according to a further embodiment of the present invention.

FIG. 9 1s a schematic view showing an architecture of the
high-density channels detecting device according to a further
embodiment of the present invention.

FIG. 10A 1s a schematic view of the distribution of the
one-dimensional discreet multi-channel optical fiber probe of
the high-density channels detecting device 1n FIG. 9.

FIG. 10B 1s a schematic view of the distribution of the
two-dimensional discreet multi-channel optical fiber probe of
the high-density channels detecting device in FIG. 9.
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FIG. 11 1s a schematic view of an alternative example of the
high-density channels detecting device in FIG. 4.

FI1G. 12 1s a schematic view of an alternative example of the
high-density channels detecting device in FIG. 9.

DESCRIPTION OF

EMBODIMENTS

FIG. 4 1s a schematic structure view showing a high-den-
sity channels detecting device according to one embodiment
of the present ivention. The structure of the high-density
channels detecting device 200 comprises at least a light
source 202, a collimator 204, a beam splitter 206, and a
high-density channels spectral imaging device 210. The high-
density channels spectral imaging device 210 further com-
prises a light collector 212 and a multi-channel kernel module
214. Preferably, the light source 1s a broadband white light
source with each wavelength component smoothly distrib-
uted 1n the spectrum, such as a halogen lamp.

The light beam emitted from the light source 202 first
passes through the collimator 204, and 1s approximately col-
limated a linear and parallel light beam. The collimated light
beam 1s then incident to the beam splitter 206. The beam
splitter 206 reflects the light beam onto a thin film (sample)
102 on a substrate 100, 1.¢., an object to be tested. The sample
102 to be tested may be a single-layer thin film or a multi-
layer thin film on a glass substrate or a silicon substrate. The
interference light reflected from the sample 1s finally col-
lected by the high-density channels spectral imaging device
210 to analyze the characteristic of the film quality of the thin
film 102 to be tested.

FIG. 5 1s a schematic structure view showing the high-
density channels spectral imaging device 210 for 1llustrating
the operation according to one embodiment of the present
invention. The high-density channels spectral imaging device
210 comprises a light collector 212 and a multi-channel ker-
nel module 214. In the embodiment, the light corrector 212
comprises an 1mage-side telecentric lens 212 or a general
focusing lens. The multi-channel kernel module 214 com-
prises an optical slit 220, a collimator lens 222, a diffraction
grating 224, a focusing lens 226, and a two-dimensional array
sensor 228. The collimator lens 222 can be an aspherical
collimator lens or a spherical collimator lens, the diffraction
grating 224 can be a transmission diffraction grating or a
reflection diffraction grating, and the focusing lens 226 can be
a general focusing lens or an achromatic focusing lens. As
shown 1n FIG. 5, after the principle rays emitted from each
point 1n a linear field of view 103a on the object side (sample)
103 are converted to be parallel to an optical axis 140 through
the 1mage-side telecentric lens 212, the principle rays are
incident to the optical slit 220 1n the multi-channel kernel
module 214. After passing through the optical slit 220, the
light beam 1s further incident to the collimator lens 222 and
approximately becomes collimated light beam. Then, the col-
limated light beam 1s further incident to the diffraction grating
224 and reaches the two-dimensional array sensor 228
through the focusing lens 226.

Because the principle rays emitted from each point in the
field of view 103a on the object side (sample) 103 become
parallel to the optical axis 140 through the 1image-side tele-
centric lens 212, and the incident light beam 1s approximately
collimated through the collimator lens 222, the light beam
incident to the grating 224 1s a collimated light beam, which
satisiies the operational conditions of the grating. Therefore,
the problem in the conventional structure as shown in FIG. 3
1s solved; that 1s, the light beam incident to the grating 1s not
a parallel light beam can be solved. Additionally, the present
invention further utilizes a combination using achromatic
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lens 226 and tilting the sensor 228 to adjust an inclined
position of the chromatic aberration surface, so that the chro-
matic aberration at each wavelength band can also be elimi-
nated. Through the aforementioned structure, the light emait-
ted from the on-axis 160 or the off-axis 150 1n the linear field
of view 103q at the object side only has tiny aberration, so that
the spectral resolution 1s considerably enhanced to achieve
the purposes of high density and multiple channels.

FIG. 6 1s a schematic a field of view of the high-density
channels spectral imaging device on the sample. The field of
view of the high-density channels spectral imaging device
210 on the sample 103 end 1s linear. That 1s, 1n the present
invention, a linear area (multiple measuring points arranged
in a row) on the sample 103 1s used as an object to be mea-
sured when the sample 1s detected. FIG. 7 1s a plan view of the
two-dimensional array sensor 228 and schematic diagrams of
the measuring results at each measuring point.

Next, the measurement operation of the multi-channel
spectrum of the present invention is illustrated 1n accordance
with FIGS. 6 and 7. FIG. 7 shows the plan view of the
two-dimensional array sensor 228 1n the left side, 1n which
y-axis represents each measuring point on the linear field of
view, and x-axi1s represents the spectral analysis at each wave-
length. Points a, ¢, and a' 1in the linear field of view shown 1n
FIG. 6 are used as examples. For a specific wavelength A (1.e.,
x-axis of the two-dimensional array 228), the detecting points
on the two-dimensional array 228 are used to detect the three
corresponding positions a, ¢, and a' shown 1n FIG. 6. The
detection results of the three measuring points a, ¢, and a'
corresponding to the wavelength A are shown in three spectral
curves at the right side of FIG. 7.

That 1s, as shown 1n FIG. 7, for the image obtained on the
two-dimensional array sensor 228, one axis corresponds to
spatial channel information of the linear field of view 1034 on
102, and the other axis corresponds to interference spectral
information of the thin film sample 102. In the high-density
channels spectral imaging device 210 as shown i FIG. 5,
since the 1mage-side telecentric lens 212 1s used and the
collimator lens 222, the focusing lens 226, and the two-
dimensional array sensor 228 are tilted, light collected by not
only the on-axis point ¢, but also the off-axis points a and a' in
the object space 103a can be split on the sensor 228 shown 1n
FIG. 7 (only three channels are shown as an example).

Therefore, the characteristics of multiple channels and
high spectral resolution are achieved simultancously, in
which scores of spatial channels can be achieved and the
channels are arranged continuously and tightly. The spectral
range to be measured can be equally divided into more than
one hundred parts, so as to achieve a high spectral resolution.
The interference spectral information of the measured thin
f1lm of each channel can be further computed through a soft-
ware algorithm, such as a library model based algorithm. The
library model based algorithm 1s generated based on the elec-
tromagnetic wave theory. Then, some parameters, such as the
distribution range of optical constants and intervals of optical
constants, are given by a user, and the user further inputs
given parameters, such as refractive index ol materials,
extinction coeflicient, film layer thickness, incident angle,
polarization of light, etc., to generate a database with thou-
sands of data. A most approximate matching process 1s con-
ducted between the database and the practically measured
spectrum to get a most approximate theoretic spectrum,
whose parameters contained therein, such as refractive index,
extinction coelficient, and film layer thickness, are the values
measured by the user. In this way, the one-dimensional con-
tinuous multi-channel thin film quality information 1n the
linear field can be obtained simultaneously and accurately.
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Additionally, the one-dimensional film quality information in
the linear field 103a can be further combined 1nto a two-
dimensional film quality information by moving the probe or
the sample 103.

Furthermore, as described above, an opaque thin film or
substrate 1s taken as an example. The architecture in FIG. 4
can be slightly modified to detect a transparent sample. FIG.
11 1s an alternative example of FI1G. 4. As shown 1n FIG. 11,
when measuring a transparent sample, the high-density chan-
nels spectral imaging device 210 1s arranged under the sample
103' for recerving the light beam passing through the sample
103'. The method for measuring the transparent sample 1s
substantially the same as that of the opaque sample and will
not be further described in detail. Additionally, since the
sample 1s light transmissible, the beam splitter may be
replaced by a common retlection mirror.

FIG. 8 1s a schematic view showing an architecture of the
kernel module in the high-density channels detecting device
according to another embodiment of the present invention.
The high-density channels detecting device shown in FIG. 4
1s a continuously detecting device and the measuring points
are continuously distributed 1n the linear field. On the con-
trary, FIG. 8 shows a discreet structure and the measuring,
points are distributed randomly and not continuously.

The kernel modules 1n FIGS. 8 and 5 are different in the
light collector. In FIG. 8, a multi-core optical fiber bundle 1s
used as the light collector in FI1G. 4. For the multi-core optical
fiber bundle 230, three optical fiber bundles 230a, 2305, and
230c¢ are shown 1n FIG. 8 as an example, but the practical
number may be suitably increased or decreased according to
the practical measurement. The optical fiber bundles 230a,
2300, and 230c¢ are mainly arranged close to the measuring
points for recewmg the light beam reflected by or passing
through the measuring points. The light beams recerved by
the optical fiber bundles 230a, 2305, and 230c¢ further pass
through the optical slit 220, the collimator lens 222, the dii-
fraction grating 224, and the focusing lens 226, and finally
reaches the two-dimensional array sensor 228. The principle
rays of each of channels received from the optical fiber
bundles 230a, 2305, and 230c¢ are incident to the multi-chan-
nel kernel module 214 1n parallel to the optical axis 140, so
that the aberration of the on-axis light and the off-axis light on
the sensor 1s tiny. In this way, the characteristics of multiple
channels and high spectral resolution can exist simulta-
neously.

FIG. 9 1s a schematic view showing an architecture of the
high-density channels detecting device according to another
embodiment of the present invention. As shown in FIG. 9, the
light source 202 1s a broadband white light source, such as a
halogen lamp. The light beam emitted by the broadband white
light source 1s split into three channels through a trifurcated
fiber bundle 232, wherein three channels are only an example
and does not intend to limit the scope of the present invention.
Then the light beams are guided to a collimator 236 through
a bifurcated fiber bundle 238, respectively, and incident to an
object 103 to be measured in parallel. The object 103 to be
measured can be a single-layer thin film or a multi-layer thin
f1lm on a glass substrate or a silicon substrate. The bifurcated
fiber bundle 238 and the collimator 236 form an optical fiber
probe 234. The optical fiber probe 234 comprises an input end
on the bifurcated fiber bundle 238, an input/output end on the
collimator 236 and an output end on the bifurcated fiber
bundle 238. Fach mput end 1s coupled to each branched
optical fiber bundle of the optical fiber bundle 232 to receive
cach light beam, and the input/output end 1s correspondingly
arranged over multiple measuring points on the sample, so as
to 1rradiate each light beam onto each measuring point and
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receive the spectrum reflected from each measuring point. As
shown 1n FIG. 10A, the optical fiber probes 234 may be
arranged 1nto a one-dimensional discrete multi-channel mode
and be responsible for emitting and recerving light beams.

After being emitted from the light source 202, the light
beam 1s split into three light beams by the trifurcated fiber
bundle 232. Each light beam reaches the collimator 236
through the bifurcated fiber bundle 238 of the optical fiber
probe 234, and then 1rradiates onto the measuring points of
the sample 102 through the collimator 236. Subsequently, the
light beam reflected by the thin film 1s incident to the mea-
suring point, and also recerved by the optical fiber probe 234.
The retlected light beam 1s incident to the multi-core optical
fiber bundle 230 through the collimator 236 and the bifur-
cated fiber bundle 238, for coupling the multi-channel signal
into the kernel module 214. Since the principle rays of each
channel are incident into the multi-channel kernel module
214 1n parallel to the optical axis 140, the aberration of the
on-axis light and the off-axis light on the sensor 1s tiny due to
the multi-channel kernel module 214, so that the characteris-
tics of multiple channels and high spectral resolution are
achieved simultaneously. The thin film interference spectral
information of each channel may be computed through a
software algorithm, such as a library model based algorithm.
In this way, the thin film quality information can be obtained
simultaneously and accurately by using the one-dimensional
discrete multi-channel form.

Furthermore, 1f the optical fiber probe 234 or the sample
102 1s turther moved, the one-dimensional film quality infor-
mation 1n FIG. 10A can be combined 1nto a two-dimensional
discrete film quality information. Additionally, as shown 1n
FIG. 10B, an array of the optical fiber probes 234 can be
distributed on the measuring thin film sample 102 (nine chan-
nels are shown as an example, but not to limait the scope of the
present invention). In this way, without scanning, 1.¢., moving
the optical fiber probe 234 and the test object 102, the two-
dimensional discrete multi-channel thin film information of
the sample 102 can be measured at one time.

Additionally, for an opaque sample, the retlection structure
shown 1n FIG. 9 can be replaced by a transmission structure
for conducting thin {ilm transmission online detection. FIG.
12 1s a schematic view of the transmission structure. Due to
the transmission structure, the light beam incident to the
sample 102 does not reach the multi-channel kernel module
214 along the path shown 1 FIG. 9. The optical fiber probe
242 1 F1G. 9 comprises the optical fiber bundle 238 and the
collimator 236. The optical fiber bundle 238 1s unidirectional.
Each optical fiber bundle of the multi-core optical fiber
bundle 240 of the multi-channel kernel module 214 also
comprises optical fiber probes 244, which are arranged under
the sample 102 and opposite to the optical fiber probes 242,
for recerving the light beams passing through the sample 102.
The transparent samples can be measured through the
changed transmission structure.

Additionally, supposing that the sample itselt emits light,
the light emitted from the sample can be directly received by
the multi-channel kernel module without using an additional
light source, thereby the alorementioned light source can be
omitted.

The high-density channels method described in the afore-
mentioned architectures 1s not limited to applications of the
thin film detection. Any testing technology employing the
spectrograph can utilize the method provided by the present
invention. Therefore, the original single channel measure-
ment can be expanded to the multi-channel measurement.
The method can be directly used to measure the chromaticity
and luminance of a flat panel display (FPD), measure the
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chromaticity and luminous intensity of the die of the light
emitting diode (LED) of a semiconductor water, and detect
the photoluminescence (PL) of a semiconductor water, such
as a Si-based epi-layer, and a group III-V based epi-layer.

Additionally, supposing that the detection wavelength of
the two-dimensional array sensor 1s designed to use a near
inirared (NIR) wavelength, the two-dimensional array sensor
can be used to the spectrographic detection of the pharma-
ceutics or textile. If the present invention further integrates
with an optical coherence tomography (OCT) technology, the
two-dimensional array sensor can be used to measure the
three-dimensional configuration of inner skin. If further inte-
grating with the polarization technology, the two-dimen-
sional array sensor can be used to detect the characteristics of
the birefringence of an FPD polarizer and measure the param-
eters of the spectroscopy ellipsometry of a thin film sample.
Any multi-channel spectrographic detecting technologies are
protected by the claims of the patent as long as the technolo-
gies employ multi-core optical fiber bundles or 1image-side
telecentric lenses as light collectors.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present imvention without departing from the scope or
spirit of the invention. In view of the foregoing, 1t 1s intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What 1s claimed 1s:

1. A high-density channels detecting device for detecting a
sample, comprising;:

a light source for emitting a light beam;

a collimator lens arranged in front of the light source and on

a beam path of the light beam for collimating the light
beam as a parallel light beam and irradiating the colli-
mated light beam onto the sample; and

a high-density channels spectral imaging device, arranged

to recerve the light beam reflected from the sample so as
to detect the sample, wherein the high-density channels
spectral imaging device comprises a light collector and a
multi-channel kernel module for receiving the light
beam from the light collector, and by using the light
collector, the light beam incident to the multi-channel
kernel module 1s parallel to an optical axis of the multi-
channel kernel module.

2. The high-density channels detecting device as claimed
in claim 1, wherein a field of the high-density channels spec-
tral imaging device on the sample 1s a one-dimensional linear
f1eld.

3. The high-density channels detecting device as claimed
in claim 1, wherein the light source 1s a broadband white light
source.

4. The high-density channels detecting device as claimed
in claim 1, further comprising a beam splitter for retlecting
the light beam emitted from the collimator to the sample such
that the light beam reflected form the sample passes through
the beam splitter.

5. The high-density channels detecting device as claimed
in claim 1, wherein the multi-channel kernel module further
comprises an optical slit, a collimator lens, a diffraction grat-
ing, a focusing lens and a two-dimensional array sensor
arranged on the beam path of the light beam sequentially.

6. The high-density channels detecting device as claimed
in claim 3, wherein the collimator lens 1s an aspherical colli-
mator or a spherical collimator, the difiraction grating 1s a
transmission diffraction grating or a reflection diffraction
grating, and the focusing lens 1s a common focusing lens or an
achromatic focusing lens.

5

10

15

20

25

30

35

40

45

50

55

60

65

10

7. The high-density channels detecting device as claimed
in claim 6, wherein the achromatic focusing lens has a devia-
tion angle about the optical axis of the multi-channel kernel
module 1n an oblique manner.

8. The high-density channels detecting device as claimed
in claim 6, wherein the two-dimensional array sensor tilts
about the optical axis of the achromatic focusing lens.

9. The high-density channels detecting device as claimed
in claim 1, the light collector 1s an 1image-side telecentric lens.

10. A high-density channels detecting device for detecting
a sample, comprising;:

a light source for emitting a light beam:;

a collimator lens arranged 1n front of the light source and on
the beam path of the light beam for collimating the light
beam as a parallel light beam and irradiating the colli-
mated light beam onto the sample; and

a high-density channels spectral imaging device arranged
to receive the light beam passing through the sample and
for detecting the sample, wherein the high-density chan-
nels 1maging device comprises a light collector and a
multi-channel kernel module for recerving the light
beam emitted from the collector, and by using the light
collector, the light beam 1ncident to the multi-channel
kernel module 1s parallel to an optical axis of the multi-
channel kernel module.

11. The high-density channels detecting device as claimed
in claim 10, wherein a field of the high-density channels
spectral 1imaging device on the sample 1s a one-dimensional
linear field.

12. The high-density channels detecting device as claimed
in claim 10, wherein the light source 1s a broadband white
light source.

13. The high-density channels detecting device as claimed
in claim 10, further comprising a reflecting mirror for reflect-
ing the light beam emitted from the collimator to the sample.

14. The high-density channels detecting device as claimed
in claim 10, wherein the multi-channel kernel module further
comprises an optical slit, a collimator lens, a diffraction grat-
ing, a focusing lens, and a two-dimensional array sensor
arranged on the beam path of the light beam sequentially.

15. The high-density channels detecting device as claimed
in claim 14, wherein the collimator lens 1s an aspherical
collimator or a spherical collimator, the diffraction grating 1s
a transmission diffraction grating or a reflection diffraction
grating, and the focusing lens 1s a common focusing lens or an
achromatic focusing lens.

16. The high-density channels detecting device as claimed
in claim 15, wherein the achromatic focusing lens has a
deviation angle about the optical axis of the multi-channel
kernel module in an oblique manner the two-dimensional
array sensor tilts about the optical axis of the achromatic
focusing lens.

17. The high-density channels detecting device as claimed
in claam 10, wherein the light collector 1s an 1mage-side
telecentric lens.

18. A high-density channels detecting device for detecting
a sample, comprising:

a light source for emitting a light beam:;

a first optical fiber bundle having a plurality of branched

optical fiber bundles for splitting the light beam 1nto a
plurality of light beams;

a plurality of optical fiber probes, each comprising an input
end, an mput/output end, and an output end, wherein
cach mput end 1s coupled to each corresponding
branched optical fiber bundle of the first optical fiber
bundle for recerving each split light beam, and the input/
output end 1s arranged at positions corresponding to a
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plurality of measuring points of the sample, so as to
irradiate each split light beam onto each corresponding
measuring point and receive a spectrum reflected from
cach measuring point; and

a high-density channels spectral imaging device compris-
ing a second optical fiber bundle and a multi-channel
kernel module for recerving the light beam from the
second optical fiber bundle, wherein the second optical
fiber bundle has a plurality of branched optical fiber
bundles respectively coupling to the corresponding out-
put ends of the optical fiber probes, so as to recerve each
split light beam reflected from each measuring point,
and through the second optical fiber bundle, the light
beams 1ncident to the multi-channel kernel module are
parallel to an optical axis of the multi-channel kernel
module.

19. The high-density channels detecting device as claimed
in claim 18, wherein the light source 1s a broadband white
light source.

20. The high-density channels detecting device as claimed
in claim 18, wherein the multi-channel kernel module further
comprises an optical slit, a collimator lens, a diffraction grat-
ing, a focusing lens, and a two-dimensional array sensor
arranged on a beam path of the light beam sequentially.

21. The high-density channels detecting device as claimed
in claam 20, wherein the collimator lens 1s an aspherical
collimator or a spherical collimator, the diffraction grating 1s
a transmission diffraction grating or a reflection diffraction
grating, and the focusing lens 1s a common focusing lens or an
achromatic focusing lens.

22. The high-density channels detecting device as claimed
in claim 21, wherein the achromatic focusing lens has a
deviation angle about the optical axis of the multi-channel
kernel module 1n an oblique manner the two-dimensional
array sensor tilts about the optical axis of the achromatic
focusing lens.

23. A high-density channels detecting device for detecting,
a sample, comprising;:

a light source for emitting a light beam;

a first optical fiber bundle having a plurality of branched
optical fiber bundles for splitting the light beam into a
plurality of light beams;

a plurality of optical fiber probes, each comprising an input
end and an output end, wherein each input end 1s coupled
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to each branched optical fiber bundle of the first optical
fiber bundle for receiving each split light beam, and each
of the output ends 1s arranged at positions corresponding
to a plurality of measuring points on the sample, so as to
irradiate each split light beam onto each measuring
point;

a plurality of second optical fiber probes, each comprising,
an mput end and an output end, wherein each input end
1s arranged at positions corresponding to the measuring
points on the sample, so as to recerve a spectrum passing
through each measuring point; and

a high-density channels spectral imaging device compris-
ing a second optical fiber bundle and a multi-channel
kernel module for receiving the light beam from the
second optical fiber bundle, wherein the second optical
fiber bundle has a plurality of branched optical fiber
bundles respectively coupling to the output ends of the
second optical fiber probes so as to receive split light
beams respectively passed through each of measuring
points, and through the second optical fiber bundle, the
light beams 1ncident to the multi-channel kernel module
are parallel to an optical axis of the multi-channel kernel
module.

24. The high-density channels detecting device as claimed
in claim 23, wherein the light source 1s a broadband white
light source.

25. The high-density channels detecting device as claimed
in claim 23, wherein the multi-channel kernel module further
comprises an optical slit, a collimator lens, a diffraction grat-
ing, a focusing lens, and a two-dimensional array sensor
arranged on a beam path of the light beam sequentially.

26. The high-density channels detecting device as claimed
in claim 25, wherein the collimator lens i1s an aspherical
collimator or a spherical collimator, the diffraction grating 1s
a transmission diffraction grating or a reflection diffraction
grating, and the focusing lens 1s a common focusing lens or an
achromatic focusing lens.

277. The high-density channels detecting device as claimed
in claam 26, wherein the achromatic focusing lens has a
deviation angle about the optical axis of the multi-channel
kernel module 1n an oblique manner.
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